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(54) FORCE TRANSMISSION USING SYNTHETIC FLUIDS 



(71) We, MONSANTO COMPANY, a 
corporation organised under the laws of die 
State of Delaware, United Sutes of America, 
of 800 Nordi Lindbergh Boulevard, St. Louis 

5 66, Missouri, United States of America, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, 
and the meduxi by which it is to be per- 
formed, to be particularly described in and 

10 by the following statement: — 

This invention relates to improvements in 
the transmission of force in mechanical de- 
vices. More specifically, it relates to a method 
oi using certain synthetic hydrocarbon fluids 

15 in apparams in which mechanical foim are 
transmitted or absorbed by or through tlic 
fluid, eg., in automotive transmissions, trac- 
tive drives, hydpiulic systems, shock ab^ubers, 
hydraulic steering mecbanisms, clutches and 

20 other hydianlically operated devices. 

Along with tiie development of various 
mechanisms for transmitting power has arisen 
the need for suitable fluids which perform 
essential functions in the operation of those 

25 mechanisms. Operati(»i of these complex 
mechanisms often requires that the fluid func- 
tion in several different capacities. The fluid 
not only serves as a lubricant and coolant 
in reducing the friction and heat developed 

30 during qpcration of the mechanism, but also 
performs other key functions. In the case of 
conventional automatic transmissions for auto- 
motive vehicles, for example, tiie fluid func- 
tions hydn^dnetically in die fluid coupling or 

35 torque converter, depending upon the type of 
transmissi<xi, and in the hydraulic operation 
of the various mechanical components of the 
driving unit 

In the case of tractive drives, the torque 

40 is transmitted from an input element to an 
output element through nominal point or line 
c(xitact typically with a roUing action by virtue 
of the traction between the contacting 
dements. While tractive dements are coni- 

45 mcmly spoken of as being in contact, it is 



generally accepted that a fluid film is pro- 
vided there between. Almost all tractive drives 
require fluids to remove heat, to prevent wear 
at the contact surfaces, and to lubricate bear- 
ings and other moving parts associated with 50 
the drive. Thus, instead of metal to metal roll- 
ing contact tiiere is a film of fluid introduced 
into the load zone. The nature of this^ fluid 
determines to a lai^ge extent the limits of 
perfonnance and the capability of the drive. 55 

In the case of most hydraulic systems, the 
hydraulic fluid must lubricate the fricdonal 
parts of the system in addition to performing 
the primary function of transmitting power. 
The pans which are so lubricated include 60 
the frictional surfaces of the fluid pump, 
operating pistcMis, cylinders, valves and fluid 
motors. Many of these components are com- 
plex mechanical devices. 

Q>nventional automatic transmissions, in- 65 
dustrial hydraulic systems, gear reducers, trac- 
tive drives, and the like, generally employ 
functional fluids having base stocks sdectcd 
from naturally occurring oils of mineral origin. 
It is well known, however, that such mineral 70 
oils, even upon subsequent refining, do not 
possess the characteristics which enable tiiem 
to perform satisfactorily in such demanding 
apiAications. Thus, it is a general practice to 
add small amounts of other materials to tiiese 75 
base stocks to affect one or more of the proper- 
ties thereof. Because of increasing performance 
requirements imposed on many functional 
fluidsj however, it has become difficult to fiund 
additives which will still perform the func- 80 
tions for which they are added and yet not 
introduce odicr problems such as increasing 
corrosion and causing harmful deposits. 

The useful life of any functional fluid can 
generally be adjudged on the basis of criteria 85 
such as die extent erf viscosity increase, the 
extent of corrosion to metal surfaces in con- 
tact with the fluid, and the extent of deposits. 
Modem fluids for automatic transmissions in- 
cluding tractive drives employ highly refined 90 
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mineral oil base stocks with multipurpose 
additive packages incorporated therein. Even 
rhe most modem formulated mineral oils, how- 
eycr> arc xiften marginal in long term perform- 

5 ance when subjected to the thennal and oxida- 
tive stnsssesr fbnnd in to-day's automatic trans- 
missions for motor vehicles. 

: Syn thetic- hydrocarbon base stocks offer the 
portHttial'fDr creating fluids which are vastly 

10 superior to mineral oil base stocks in oxidative 
.stability, and long term performance. Many 
syndietic fluids however, are found to cause 
corrosion when brought into contact with com- 
mon materials,. and others have been disquali- 

15 fled because of unsuitable viscosity properties. 
The synthetic fluids used in accordance with 
the present invention have outstanding oxida- 
tion resistance, desirable viscosity properties, 
and high coefficient erf tractiwi. 

20 One aspect of the present invention is a 
method of transmitting force by the hydro- 
kinetic action of a fluid, in which the fluid 
has a base stock consisting of (i) a hydrogen- 
ated linear aljAa-alkylstyicne dimer repre- 

25 sented by the formula 




CH3 H 



where each R is an alkyl group of 1 to 4 
carbon atoms and can be Ae same or different, 
and each n has the value 0, 1 cw 2, or a 
30 mixture of two or more such hydro^naced 
linear dimers; (ii) a mixture of (i) with up 
to 20% by wdg^ of the mixture of one or 
more hydrogenated cyclic dimers of the for- 
mula 



35 




where R and n are as defined in (i); or (iii) 
a combination o£ (i) or (ii) with one or more 
other synthetic fluids, said combination con- 
taining at least 50% by weight of (i) or (ii). 

40 A furdier aspect of the invention is a 
method of transmitting force through a fluid 
dispersed on relatively rotatablc tractive sur- 
faces in torque-transmitting relationship, in 
which tiie fluid has a base stock ccmsisting of 

45 (i) a hydrogenated linear alf^-alkylstyrene 



dimer represented by formula (I) above or 
a mixture of two or more such hydrogenated 
linear dimers; or Qi) a mixture of (i) with 
up to 20% by weight of the mixture of 
one or more hydrogenated cyclic dimers of 50 
formula II. 

Base stocks for power transmission equip- 
ment comprising the above synthetic fluids are 
characterised by having exceptional oxidative 
stability, excellent viscosity properties over a 55 
wide temperature range, and hi^ tractive co- 
efficients. The fluids are compatible with con- 
ventional viscosity index improvers, and the 
viscosity of the fluid can accordingly be con- 
trolled to suit the requirements of the par- 60 
ticular application. The fluids are particularly 
well suited for use in automatic trananissions 
of both the conventional and tractive type 
and as hydraulic fluids in, for example, power 
steering mechanisms. 65 

Accordingly the invention further includes a 
device in which force is transmitted by the 
hydrokinetic action of a fluid, in which the 
said fluid is a fluid as defined above with 
reference to the method of transmitting force 70 
by the hydrokinetic action of a fluid; and also 
includes a tractive drive mechanism in which 
the tractant fluid is a fluid as defined above 
with reference to the method of transmitting 
force through a fluid dispersed on relatively 75 
rotatable tractive surfaces. 

The synthetic fluids of this invention com- 
prise hydrogenat3ed dimers of alpha-alkyl 
styrenes and ring substituted alkyl-alpha-alkyl 
styrenes. The hydrogenated Imcar dimers are 80 
found to have somewhat better viscosity pro- 
perties and greater oxidative stability than the 
hydrogenated cyclic dimers, and are accord- 
ing the preferred compositions. Minor pix>- 
portions of cyclic dimers which naturally form 85 
during die dimcrisation reaction can be toler- 
ated without serious adverse effect on viscosity 
or Qxidative stability, provided that the sjti- 
tbctic fluids contain not more than 20% of the 
cyclic dimers. A preferred base stock consists 90 
of from 90 to 100% by weight of the hydro- 
genat3ed linear dimer and from 10 to 0% by 
weight of the hydrogenated cycUc dimer. 

Although the alkyl group of the alpha-alkyl 
styrcne can contain from 1 to 4 carbon atoms, 
Jt IS generally preferred that thfe alkyl group 
be mediyl or cthyL The preferred synthetic 
fluids for use in this invention are accordingly 
hydrogenated linear dimers of alpha-methyl- 
styrenc and alpha-ethylstyrene, hydrogenated lOO 
hnear co-dimers of aipha-methylstyrene and 
alpha-ethylstyrene, and mixtures tiieteof . 

A paracularly preferred fluid for purposes 
of the present invention is the hydrogenated 
hnear dimer of aipha-mctiiylstyrene, 2,4-di- 105 
cyclohcxyi-2-methylpeatane. The correspond- 
ing cyclic dimer is the compound of Formula 
II m which R is mctfiyl and n is 0. Dau are 
presenied hereinafeEr to illustrate the superior 
oxidative stability of 2,4 ^ dicydohexyl - 2- no 
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methylpentane when compared to one of the 
best mineral oil base fluid formulations cur- 



rently employed in automatic transmissions. 
Other dam illustrate the exceptionally good 
5 tracdve properties of this fluid which make 
it particularly desirable for use in tractive 
drives. 

By way of example, odier hydrogenated 
linear dimer fluids defined by Structure I and 

10 included within the scope of the present in- 
vention arc 2,4 - dicyclohcxyl - 2 - methyl- 
hezane, 3,5 - dicyclohexyl - 3 - methyihexane, 
3,5 - dicyclohexyl - 3 - methidheptane, and 
2,4 - di(4 - mediylcyclohexyl) - 2 - mediyl- 

15 pentane. Also within the scope of the present 
invention arc the cyclic doners defined by 
Structure II which corresponds to the linear 
dimers enumerated above and are usually 
formed as cof^vxiucts of the dimerizatioa rc- 

20 action. 

Autc»natic transmissic»i fluids including 
tractive fluids arc usually based on hydro- 
carbon oils which are generally paraflinic in 
nature. The additive packagp incorporated in 

25 the base stock is designed to accomplish 
numerous effects. Many of the additives with- 
in the package are multifunctioiial, and it is 
therefore not always necessary to use a sepa- 
rate additive for each purpose. The usual types 

30 of additives found in automatic transmission 
fluids are oxidation inhibitors, dispersants, 
metal deactivators, viscosity index improvers, 
antiwear agents, rust mhibitors, corrosion in- 
hibitors, foam inhibitors, seal swellers and 

35 friction modifiers. 

Physical conditions in the modem auto- 
matic transmission are conducive to oxidation 
of the working fluid. The rapid flow of fluid 
through the unit which brings fluid and air 

40 into intimate contact, high fluid temperatures 
and the catalytic effect of the various metals 
all combine to accelerate oxidation. The re- 
sult of uncontrolled oxidation is the formation 
of varnish, sludge and organic adds, the latter 

45 being potentially corrosive to metal com- 
ponents. In addition, the fluid may thicken 
excessively and adversely affect performance. 

A well known quah'fication standard for 
conventional automatic trananissicm fluids is 

50 identified as " General Motors Standards for 

TABLE I 



Automatic Transmission Fluid, Type A Suffix 
A Because newer transmissions and higher 
output engines have placed greater demands 
on the transmission fluid, the General Motors 
Corporation developed a new fluid specifica- 55 
tion called ''Dexion" (Registered Trade 
Mark) which is the successor to the Type A 
Suffix A specification. 

The Dexron type fluid, employed herein as 
a reference for comparison with 2,4 - dicyclo- 60 
hexyl - 2 - methylpentane, was a mineral base 
hydrocarbon containing an additive package 
conforming to the Dexron specification. The 
2>4 - dic3^ohGcyI - 2 - methylpentane con* 
tained about 3% by weight of die correspond- 65 
ing cyclic dimer and 1% by wei^t of 2,6- 
di - t - butyl - p - crcsol, an oxidation in- 
hibitor. Oxidation inhibitors are conventionally 
added to synthetic base stock fluids to further 
enhance their stability. Examples of suitable 70 
inhibitors include hindered i^benols such as 
utilized herein, aromatic secondary amines 
such as phenyl - alpha - naphthylamine, and 
organometallic compounds such as dilauryl 
selenide. 75 

To illustrate the superior oxidative stability 
of 2,4 - dicyclohexyl - 2 - methylpentane over 
the reference Dexron fluid, an oxidation and 
corrosion test was conducted according to the 
basic procedure set forth in Federal Test 80 
Mediod Standard 791—5308, under the 
specific test conditions defined below. In 
general, this test measures increase in fluid 
viscosity and acidity, changp in physical 
appearance of the fluid and metal corrosion, 85 
after exposure fot a given period at a 
constant temperature to a flow of dry air. 

The fc^owing Tables I, II, III and IV 
present comparative oxidation and corrosion 
performance of the reference Dexrtm fluid 90 
and a pirferred synthetic fluid of the present 
invention, viz., 2,4 - dicyclcAexyl - 2- 
methylpentane. Test conditions for the data 
of Tables I through IV were as follows: 



Sample Size 
Air Flow 
Temperature 
Exposure Time 
Metals Present 



120 cc. 

5 liters/hr. of dry ak 

350° F. 

72 hours 

Al, Cu, Fe, Mg. 



95 



Acidity 



Fluid 


Initial T.A.N. 


Final T.A.N. 


Dexron Fluid 


1.70 


6.1 


2,4-dicyclohexyl-2-methyIpentane 


0.01 


0.17 
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TABLE II 

100°F. Viscosity Increase 



Fluid 


Initial 
Viscx>sity — Cs 


Final 
Visc»sity — Cs 


% Viscosity 
I^cncrease 


Dexron Fluid 


39.08 


72.22 


87 


2,4-dicydohezyl- 








2-in^ylpentane 


22.70 


23.27 


2.5 



TABLE III 
Coke and Sludge Fonnation 



Fluid 


Coke 


Sludge 


Dexron Flviid 


None 


Medium 


2,4-dicycIo]iexyl~2-methylpentane 


None 


None 



TABLE IV 
Weight Change of Metal Specimens 



Fhiid 


Aluminum 
mg/cm^ 


Iron 
mg/cm' 


Copper 
mg/cm^ 


A^agnesium 
mg/cm* 


Dexron Fluid 


+0.02 


+0.01 


-0.49 


0.00 


2,4-dicydohexyl-2- 
met%lpentane 


0.00 


+0.01 


-0.01 


0.00 



From the data reported in Tables I through 

5 IV above, it will be seen that the synthetic 
fluid of the present invention, viz., 2,4 - di- 
cydohexyl - 2 - methylpentane, gave results 
superior to those of the reference Dexron fluid. 
With particular reference to Table IV, it 

10 wU be observed that the Dexron fluid ex- 
hibited a signiflcant degree of copper cor- 
rosion as evidenced by a weight loss of 0.49 
mg/cm* in the copper test ^ecimen. The 
synthetic hydrocarbooi 2>4 - dicyclohexyl - 2- 

15 methylpentane, on the otiber hand, produced 
pxactically no weight loss in the copper speci- 
men with which it was in contact. These 
cortosLCHi results are c or rob o r a ted by the com- 
paratively high total add numbo: ascribed 

20 to the Dexron fluid in the data of Table I. 
Fluid viscosity is an importaixc parameter 
in most power transmissKm systems, and 
especially in those systems wherein the fluid 
must perform under wide temperature vari- 

25 adona. An automatic transmissioD fluid is re- 
quired to meet certain initial viscosity stan- 
dardsy and it is desirable that any change in 
viscosity prq>eities during use shcMold be mini- 
mal. Wldi reference ixy the results in Table 



II, it is observed that the Dexron fluid vis- 30 
cosity at 100^ F. increased 87% during the 
72 hours oxidation and corrosirai test. This is 
contrasted with a viscosity increase of only 
2.5% for 2,4 - dicydohexyl - 2 - mediyl- 
petnane after 72 hours of exposure. 35 

The Dexn» fluid specification requires a 
minimum viscosity at 210° F. of 49.0 SUS, 
which is equivalent to 7.0 cs. It specifics a 
maximum Brookfield viscosity of 4000 cs. at 
— 10°R and 55,000 cs. at — 40° F. The 40 
temperature viscosity data for 2,4 - dicydo- 
hexyl - 2 - mediylpentane containing 3% 
cyclic dimer are as follows: 

TABLE V. 
Temperature, "^P. Viscosity, cs. 45 
-20 31,600 
0 3,500 
100 23 
210 3,7 

The addition of small amounts of a vis- 50 
cosity attenuatx^ would be effective to reduce 
low temperature viscoaty and ooofonn 2,4- 
di - cycldiexyl - 2 - methylpentane to the 
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Dezron q)ecificatioa. Suitable attenuators in- 
clude low viscosity con^>ositiQns wfaicfa are 
compatible with 2,4 - dicyclohe3cyl - 2 - 
mcthylpentanc, eg., bicydohexyl, isopropylbi- 

5 cyclohexylj and pediydrophenantiircnc. 

The addiiton of a minimal amount of a 
viscosity index improver would be effective 
to increase the high temperature viscosity to 
cooform to the Dexron specificaticHi. Suitable 

IQ V.I. improvers include the pd.yalkyl meth- 
acrylates in which the alkyl groups have from 
about 2 to 16 carbon atoms and may be, for 
example, ethyl, propyl, butyl, amyi, hexyl, 
etc., and mixtures thereof. The allcyrl groups 

15 may be mixtures such as derived frwn a mix- 
ture of alcohols, and in which case there may 
be included some alkj'l groups liaving as low 
as 1 carbon atom and as higji as about 18 
carbons atoms. The alkyl group is preferably 

20 a normal alkyl group, but may be a branched 
chain or cycloalkyl group. 

One example of a suitable V.I. improver 
for use with 2,4 - dicyclohexyl - 2 - metihyl- 
pentane and other fluids of this invention is 

TABLE VI 



a copolymer oi butyl and lauryl methacrylate 25 
with a molecular weight of about 40,000. An- 
other example is a terpolymer of butyl meth- 
acrylate, lauryl methacrylate, and vin^ pyrrol- 
idonc wherein the molcciilar weight is about 
40,000. Still another V.I. improver is poly- 30 
isobuQdene prepared by acid-<sitaly2ed poly- 
merization of isobutylene up to a molex:ular 
weight between 20^0 and 40,000. Another 
is polyalkyl styrene prepared by polymer- 
ization of alkyl styrene, where the alkyl group 35 
is preferably lauryl, and the molecular weight 
is 45,000 to 50,000. Yet anorfier V.I. im- 
prover useful in the present invention is a co- 
polymer of vinyl acetate and alkyl fumarate 
having a molecular weight between 40,000 40 
and (50,000. Alkyl acrylatrs such as ethyl acryl- 
ate and octyl acrylate may also be emj^oyed. 

The effect of three conventional acrylate- 
type V.I. improvers on the viscosity of 2,4- 
dicyclohexyl - 2 - methylpentane was deter- 45 
mined over a temperature range of —20^ F. 
to 200^ F, The measured viscosities in cend- 
stokes are given in the table below; 



Fhiid 


V.L 
Improver 


Temperature, ''F. 




-20 


0 


100 


200 


1 


None 


31,600 


3,500 


22 


3.7 


2 


1.5% "A" 


33,300 


3,400 


26 


4.5 


3 


1.5% "B" 


37,500 


3,900 


27 


4.6 


4 


3.0% "C* 


42,000 


5,600 


33 


5,5 



"A" — alkybnethacrylate — vinyl pyrrolidone copolymer 



"B" — long-alkylmethacrylate polymer 

'C" — alkybnethacrylate polymer — low JWLW. 



50 The viscosity characteristics of 2,4 - ^ di- 
cyclohexyl - 2 - methylpentane are unique 
and particularly desirable for a tractive fluid. 
Most of the tractive fluids heretofore avail- 
able are either solids <tf extremely viscous 

55 fluids at —20° F., and others which have an 
operable viscosity at —20® F. typically have 
an undesirably low viscosity at the higher tem- 
peratures. For most tractive applications, it is 



preferable that the fluid have a viscosity of 
less dian about 50,000 centistokes at —20° F. 60 
and more than about 3.5 centistokes at about 
200^^^ Hydrogenated linear dimer of «- 
methylstyrene containing 3% cyclic dimer 
meets these viscosity requirements as illiis- 
tratcd by the data in Tabic V above, Compar- 65 
able viscosity dau for several other tractants 
representative of the prior art are as follows: 
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TABLE VII 

Viscosity 



Tractant — 20°F. 210**^ 



Bicyclohei^l 


Solid 


1.2 


z-Cydopentylbicydohezyl 


Solid 


3.0 


i;2-Tercydohesyl 


>200,000 


4.3 


la3-Tcrcydohcxyl 


Solid 


4.9 


Dicydohexylmetbaiie 


Solid 


1.4 


1,1-DiqrdohexyletiiaDe 


<10D0 


1.7 


Cydohd^ (x-cthylcydohexyOmethane 


<1000 


1.7 


l^i;3-Tricydohexylpropaiie 


<200,000 


9.0 


Hydrogenated dicumyl 


Solid 


4.8 



The low temperature viscosity of mixtiues applications which require lew tcmpcratuxc 
of bnear and cydic dimcrs of a-mcthylstyrcaic operability, the maximum peimissible con- 
were also measured to detennine the effect of centration of cyclic dimer is limited to about 
increasing concentrations of the cyclic com- 20%. lo 
ponent. The viscosity data illustrate that for 



TABLE VIII 


% by weight 
cyclic dimer 
in mixture 

-20°R Vise. cs. 


3 

31,600 


7 13 
32,400 36,700 


22 
52,400 


100 
>200,000 



There are certain applications such as in The oxidative stability of 2,4 - dicydo- 
automatic transmisaons wherein additives hexyl - 2 - methylpcntane as representative 
other than viscositj' index improvers and oxida- of the dass of compounds taught by the pre- 

15 tion inhibitors are beneficial to the perform- sem: mvention compares favorably widi that 30 
ance erf the instant alkylene-Iinkcd cyclohexyl of tetraalkyl substituted allcylene linked di- 
compounds. It may be desirable, for example, cyddiexyl compounds such as 2,3 - dicyclo- 
to add minor amounts of seal swdlers, de- hexyl - 2,3 - dimethyibntane -wbkk are rccog- 
foaming additives, antiwear additiveSj disper- nizcd for their exceptional coidative stability. 

20 sants, dyes and other useful substances. It is In an oxidation and conosicnk test conducted 35 
to be understood, therefore, that those skilled according to the method previously described, 
in the art will visualize certain conventional the 100° F. viscosity increase and final add 
additives which can be incorporated in the number for these two fluids^ each containins 
syn±etic fluids taught by the present inven- 1% 2,6 - di - t - butyl - p - cresol, were as 

25 tion for the purpose oi enhancing one or more follows : 40 
fluid properties. 

TABLE IX 

% Viscosity Final 
Increase T.A.N, 



2,4-dicydohe]7l-2-methylpentanc 2.5 0.17 

2,3-dicydohexyl-2^dimethylbntane 2.4 0. 10 
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The excellent stability of 2>4 - dicyclo- 
hexyl - 2 - methylpentane and the favorable 
comparison with 2,3 - dicyclohezyl - 2,3- 
dimethylbutane is most surprising on con- 

5 sideration of the chemical structure of this 
CQtnpotmd. The relatioaship of oxidation 
stability to compotznd type and structure is 
weU recognized^ and has been summarized for 
example by W. S- Dukek, J. Inst Pet. 50, 276 

10 (1964) as ft^ows: 

"Among hydrocarbons, alkyl aromatics 
are most easily oxidized, followed by di- 
olefins, mono-olefins, and paraffins. Struc- 
ture as well as type influence case of 
15 oxidation. Tertiary hydrogen is most easily 
removed, f(rflowed by secondary and 
primary hydrogens. The resulting per- 
oxides are stable in the same oider." 

In the case of the present compounds, 2,3- 

20 dicyclohexyl - 2,3 - dimethylbutane, has two 
tertiary hydrogen atoms attached to ring car- 
bon atoms. The hydrogens however, are 
shielded by the cycldbiexyl groups and by the 
methyl groxqjs on adjacent carbon atoms, and 

25 are accordingly protected from oxidation. The 
2,4 - dicydohexyl - Z methylpentane, on the 
other hand, has dirce tertiary hydrogen atoms, 
one of which is attached to a bridging carbon 
atom. This additional tertiary hydrogen atom 

30 not only increases die potential for oxidation, 
but also reduces the degree of shielding 
afforded the tertiary hydrogen cm the adjacent 
ring carbon atom. As a ccmsequence, both these 
hydbrogen atoms would be expected to be 

35 quite susceptible to oxidation, and it is quite 
surprising that, contrary to theory, 2,4 - di- 
cydohexyl - 2 - methylpentane appears essenti- 
ally equivalent to 2,3 - dicyclohexyl - 2,3 - di- 
methylbutane in the above oxidation test. 

40 EXAMPLE. 

The coefficient of traction of the hj^o- 
genated linear dimer of a-methylstyrene, of 
tiie mdiydrogenated linear dimer, and of 
hydrogenated cyclic dimer were determined on 

45 a rolHng disk machine. This machine was 
designed to predict the performance of a fluid 
in variable speed drives and comprises two 
hardened sted rollers which may be loaded 
one against the other and driven at any re- 

50 quired speed. The fluid is introduced between 
die roUors and the relationships between 
applied load, roller surface speeds, relative slid- 
ing speed between llie two rollers, and torque 
transmitted from one roller to die otlier 

55 dirou^ die contact between them are a 
measure of the potential performance of the 
fluid in a variable ^>eed drive. Literature 
i^erences on this rolling disk machine include 
M. A. Plint [Proceedings of the Inst, of 

60 Mech. Engrs., vol. 180, pp 225, 313 (1965— 
66)1; "The Lubrication of RoUei^ I" by 



A. W. Crook fPhiL Trans. A 255, 281 
(1963a)]. 

The cyclic dimer was prepared by dimeriz- 
ing fx-mediylstyrene at 150^ C. and distilling 65 
the dimerized product to yield cyclic dimer 
containing about 1 percent linear dimer as a 
minor constituent. The following data were 
obtained at a fluid temperature of 200° F., 
a disk speed of 3,000 RPM with 1% slip, 70 
and a Hertz stress of 400,000 psi. 



TABLE X. 

Material 

Hydrogenated Linear Dimer 
Hydrogenated Cyclic Dhner 
Unhyckogenated Linear Dimer 



Avg. Coef. 

of Traction 
0.094 
0.090 
0.066 



75 



These data illustrate diat hydrogenation 
increases the coefficient of traction of the linear 
dimer by a cortsidcrable degree, and that the 80 
coefficient of traction of hydrogenated linear 
dimer is higher dian diat of hydrogenated 
cycHc dimer. 

The following describes a meiliod of pre- 
paring 2,4 - dicydohcxyl - 2 - methylpentane, 85 
a preferred compound for use in the present 
invention. 

A one liter autoclave was chained with 51 
grams of Raney nickel catalyst and 600 grams 
of ali^-methylstyrene dimer which was a 90 
mixture of about 97% 2,4 - diphenyl - 4 - 
methyl - 1 - pcntcne and 2,4 - diphenyl - 4- 
methyl - 2 - pentene dimcre and 3% cyclic 
dimer. The catalyst was Raney No. 28 which 
had been prepared for the hydrogenation re- 95 
action by displacing the water with ethanol. 

The autoclave was flushed widi hydrogen 
and pressured to 500 psig. The reaction was 
maintained at about 60^ C and 500 psig wiiii 
agitation for an initial reacdmi period of about 100 
2 boors, following which the autoclave was 
slowly heated to 180^ C and maintained at 
that temperature for about 3 hours. The hydro- 
genation was completed by increasing the tem- 
perature to 200° G at 500 psig for about 105 
1 hour. Total reaction time was 4 hours. 

After cooling and venting, die reaction pro- 
duct was removed from the autoclave and 
Altered. NMR analy»s of the filtrate showed 
substantially complete hydrogenation of the 110 
unsaturated dimer with less than 0.1% un- 
saturation remaining. Low boileis were re- 
moved by a vacuum distillation to a head 
temperature of 135*^ C./0.9 mm. The hydro- 
genated product was a colorless oil having a 115 
refracdve index, n^ 1.4878. 

Anal: Calcd. for Ci,H«^ : C, 86.3: H, 13.7. 

Found: C, 86.0: H, 13.8. 

The above serves to illustrate one mediod 
whereby the fluids of die present inventiim are 
obtained by substantiaUy complete hydrogen- 



8 



1,357,406 
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ation of unsaturated linear dimers of alpha- 
alkyl styrene. In a like manner, 3,5 - dicyclo- 
hexyl - 3 - methylheptane is obtained from 
linear dimcr of alpha-ethylstyrene^ and 3,5- 
5 dicydohexyl - 3 - mediylhexane and 2,4 - di- 
cyclcAexyl - 3 - methylhexanc are obtained 
from the linear codimer of alpha-methyl- 
styrene and alpha-ethylstyrene, and the like. 
By " substantially complete hydrogenation " 

10 of unsaturated linear dimers of alpha-alkyl 
styrene is meant that less than about 2%, 
and preferably less than 0.5% unsaturation re- 
mains after hydrogenation. 
While the fluids of the present invention are 

15 useful per se as automatic transmission and 
hydrauh'c fluids^ it may, for certain ^plica- 
tions, be advantageous to employ for a base 
stock a blend or mixture of two or more of 
die synthetic compoimds taught herein to ob- 

20 tain a desired balance of physical jMiopcrdcs, 
and such mixtures are accordin^y within the 
scope of this inventicm. 

It may also be advantageous for certain 
uses to employ as the iluid base stock one 

25 or more of the compounds taught her^, in 
combination with one or more other synthetic 
fluids outside the scope of the present inven- 
tion. Thus, the compounds of the present in- 
vention may be present as one component of 

30 a multiccMnponent c(Hnplex fluid formulation. 
It is generally preferred ttat the fluids of the 
present invention comprise a major propor- 
tion, i.e., at least 50% by wei^ of the 
total fluid and more preferably at least about 

35 65% by weight of the fluid composition. Other 
synthetic fluids which may be used in con- 
junction with the base stock fluids of the 
present invention may be for example tetraalkyl 
substituted alkylene linked dicyclohcxyl com- 

40 pounds which are known to be suitable syn- 
thetic fluids for automatic transmissions. 

Although 2,4 - dicydohexyl - 2 - methyl- 
pentanc has been shown herein to have par- 
ticular advantage as an automatic transmission 

45 fluid, the compound's utility is not so limited. 
The oustanding viscosity characteristics and 
oxidative stability of ±e compound make it 
a superior (^erating fluid in many other 
hydraulic systems and devices. A typical 

50 hydraulic sjrstem includes one or more dis- 
placeable members and a displacing force 
which is transmitted to said members by 
means of an operative flmd which is in com- 
munication therewith. While hydraulic systems 
will contain such elements as pumps, valves, 

55 cjlinders, pistons and the like, the perform- 
ance and endurance of the system necessarily 
depends upon the operative fluid. The viscosity 
characteristics of 2,4 - dicydohexyl - 2- 
mcthylpcntanc make it advantageous for die 

60 transmission of power in a hydraulic S5rstem 
having a pump therein which supplies power 
for the system, e.g., in a fluid motor com- 
prising a constant-discharge or variable-dis- 
charge piston pump which is caused to rotate 

65 by die pressure of the hydraulic fluid of 



the system. The iM-eferred fluid likewise serves 
to lubricate the frictional parts of sudi 
hydraulic systems. The outstanding oxidative 
stability of 2,4 - dicydohexyl ^ 2 - methyl- 
pentane promotes cleanliness of a hydraulic 70 
system because of the resistance to sludge 
formation, deposits, corrosive attadc and the 
like. The hydraulic systems envisioned in the 
present invention are understood to contain 
conventional fluid reservoir and fluid supply 75 
means. 

^ The fluids employed in the present inven- 
tion, therefore, are useful as hydraulic fluids 
in many types of hydrauhc machines, e.g., 
lifts, hoists, jacks, lockgates, presses, etc. They 80 
are likewise useful as the operative fluid in 
hydraulic steering mechanisms, wet dutches 
and other mechanical devices. 
WHAT WE CLAIM IS : — 
1. A method of transmitting force by the 85 
hydrokinetic action of a fluid, in which the 
fluid has a base stock consisting of (i) a 
hydrogenated linear aljrfia-alkylstyrene dimer 
represented by the fonnula 



CH3 H 




n 



90 



where each R is an alkyl group of 1 to 4 
carbon atoms and can be die same or different, 
and each n has the value 0, 1 or 2, or a mix- 
ture of two or more such hydrogenated linear 
dimers^ (ii) a mixture of (i) mSi up to 20% 95 
by wdght of the mixture of one or more 
hydrogenated cyclic dimers of the fommla 



where R and n are as defined in (i)^ or (iii) 
a combination of (i) or (ii) with one or more 100 
synthetic fluids, said combination ccMitaining 
at least 50% by weight of (i) or (ii). 

2. A mediod according to Claim 1, in 
whidi the base stock consists of from 90 to 
100%, by wei^t of the hydrogenated linear 105 
dimcr and from 10 to 0% by wei^t of the 
hydrogenated cyclic dimer. 

3. A method according to dther of Claims 
1 and 2, wherein each R in the formulae of 

the dimers is individually methyl or ethyl. 110 

4. A method according to Claim 3, where- 
in the hydrogenated linear dimer is 2,4 - di- 
qrclohexyl - 2 - methylpentane, and the cyclic 
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10 



15 



dimer is the compound in which R is ineth;^ 
and n is 0. 

5. A method according to any of Claims 1 
to 4, wherein the fluid includes a viscoaty in- 
dex improver. 

6. A device in which force is transmitted 
by the hydrokinctic acticm of a fluid, in 
which the operative fluid is a fluid in accord- 
ance widi any of Claims 1 to 5. 

7. A device according to Qaim 6 that is 
an automatic transmission system. 

8. A method of transmitthig force through 
a fluid dispersed on relatively rotatable trac- 
tive surfaces in torque-transmitting rdation- 
ship, in which die fluid has a base stock 
consisting of (i) a hydrogenated linear alpha- 
alkylstyrene daner rq>resented by the for- 
mula 



(K 



20 



25 



CH3 H 



where each R is an alkyl gjcoap of 1 to 4 
caiboQ atoms and can be the same or different) 
and each n has the value 0, 1 or 2, or a 
mixture of two or more such hydrogenated 
linear dimcrs; or (ii) a mixture of (1) with 
up to 20% by weight of the mixture of one 
or more hydrogenated cyclic dimers of the 
fonnula 




n 



where R and n are as defined in (i). 

9. A method according to Qaim 8, in 30 
which the base stock consists of frcMn 90 to 
100% by weight of the hydrogenated linear 
dimer and from 10 to 0% by weight of lisc 
hydrogenated cyclic dimer. 

10. A metfiod according to eilijer of Claims 35 
8 and 9, wherein each R in the formulae of 

the dimers is individually methyl or cthyl. 

11. A method according to Claim 10, 
wherein the hydrogenated linear dimer is 2,4- 
dicyclohexyi - 2 - methylpentane, and the 40 
cydic dimer is the compound in ^xfnch R is 
methyl and n is 0. 

12. A tractive drive mechanism containing 
a tractant fluid in accordance widi any of 
Claims 8 to 11. 45 

J. C LUNT, 
Chartered Pacmt Agcnt^ 

Monsanto House, 
10^18 Victoria Street, 
London, SWIH ONQ. 

Reference has been directed in pursuance of 
SectL(Hi 9, subsection (1) oi the Patents Act 
1949, to patent No. 1,257,473. 
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